L. Shift work, nitrous oxide exposure and subfertility among Swedish midwives. International Journal of Epidemiology 1996; 25: 783-790. Background. Shift work and nitrous oxide exposure have both been suspected of having adverse influence on the reproductive performance of health workers. Time to pregnancy has been suggested as a sensitive measure of fecundity in occupationally exposed groups. We investigated the effects of shift work and nitrous oxide exposure on the fertility of Swedish midwives. Methods. A questionnaire was mailed to all members of the Swedish Midwives Association who were bom 1940 or thereafter, 3985 in all. Eighty-four per cent responded. Detailed information on the number of menstrual cycles required to achieve pregnancy and the working conditions during that period were obtained concerning the most recent planned pregnancy occurring after 1983. The per cycle probability of becoming pregnant was calculated for each exposure category, and the relation to the unexposed was expressed as fecundability ratios. Results. Midwives who worked two-shift, three-shift rotas, or only nights had reduced fertility compared to those working in the day time. The fecundability ratios were 0.78 (95% confidence Interval [Cl]: 0.65-0.94), 0 77 (95% Cl : 0.60-0.98), and 0.82 (95% Cl : 0.64-1.03), respectively, after adjustment for covariates. No effect of nitrous oxide exposure was noted except in the small group reporting that they assisted at more than 30 deliveries per month when nitrous oxide was used (fecundability ratio = 0.64; 95% Cl : 0.44-0.95). Conclusion. Shift work and frequent, high occupational exposure to nitrous oxide may have a negative influence on the ability of women to become pregnant.
Irregular working hours, and especially working rotating shifts, may have a negative influence on the health and well-being of the workers.
1 Hormonal disturbances e.g. of the diurnal variation have been reported. 2 This, along with the psycho-social stress that may accompany shift work, has raised the suspicion that it can have negative effects on reproductive processes, and some epidemiological studies have been carried out in order to establish if such associations exist. 3 " 7 Other studies, which focused on other occupational exposures, included shift work as a factor of potential interest. 8 " 17 Nitrous oxide is used as an inhalation analgesic, sometimes together with more potent anaesthetic agents. Several epidemiological studies have shown associations between occupational exposure to anaesthetic gases and adverse pregnancy outcomes, but only in a few of these could the effect of nitrous oxide be separated from that of other anaesthetics. 18 " 20 Animal studies show teratogenic effects of nitrous oxide at anaesthetic doses, 21 but also effects on fertility at exposure levels comparable to those found in the occupational setting. 22 ' 23 Subfertility due to environmental exposures can be assessed by studying the time it takes exposed workers (couples) to conceive compared to those unexposed. 24 The feasibility of studying subfertility using retrospective self reports has been documented. 25 We decided to use this method in a study of Swedish midwives focusing on the effects on reproduction of shift work and nitrous oxide exposure. Midwives seemed to be a population particularly suitable for a retrospective study of subfertility since they are well educated in and familiar with all events relating to pregnancy.
Association comprised the target population of the study. A total of 3985 women were identified, and a 15-page, self-administered questionnaire was mailed to them. After two written reminders we obtained 3358 answers (84.3%). In all 501 women had never been pregnant and 130 reported that they had tried to achieve pregnancy without success. Of the latter, 57 had a medical explanation for the infertility.
In order to minimize recall problems we only asked questions concerning time to pregnancy for the woman's most recent pregnancy, and it had to have terminated after 1983. Overall, 1484 such pregnancies were reported. Of the 1023 women with a planned pregnancy, 979 gave the number of cycles from the start of having unprotected intercourse to conception. Seven of these were excluded due to extremely long intervals (>1.5 months) between menstruations, leaving 972 women/ time-to-pregnancy intervals for further analysis.
Data Collection
The questionnaire included questions concerning reproductive history, employment, occupational exposures, health problems, medication, and lifestyle habits before and during all the pregnancies the woman had experienced. Specific questions were asked concerning the most recent pregnancy, i.e. if it was planned, if contraceptive pills were used before trying to become pregnant, if conception was achieved during the first cycle of unprotected intercourse or, if not, how many cycles it took to become pregnant, and the frequency of intercourse. Data on employment, place and type of work, work schedule (regular daytime between 6.45 a.m. and 5.45 p.m., permanent night work, or rotating twoor three-shift), nitrous oxide exposure (the average number of deliveries per month at which the midwife assisted and nitrous oxide was used), as well as on exercise, medication, smoking and consumption of alcohol, coffee and tea was requested both for the first cycle of unprotected intercourse, and for the remaining time period before conception. If there were changes during the latter period the woman was asked to report the conditions representative of most of the period.
Analysis
Each menstrual cycle of unprotected sexual intercourse before conception was classified according to the characteristics of the woman, the type of work, work schedule, and reported nitrous oxide exposure. This was done in order to calculate the probability of conception in exposed versus unexposed cycles. Using the method proposed by Weinberg el al. 26 i.e. a discrete timeanalogue of the Cox proportional-hazards model, an adjusted fecundability ratio can be estimated, allowing for cycle order as well as potential confounding or modifying factors. Each woman was allowed to contribute a maximum of 13 cycles in order to avoid interference from medical treatment for infertility. This would also prevent extreme contributions from women (couples) who took a very long time to conceive, which may be more likely to have medical reasons but could lead to selection into or out of a certain type of work or exposure. Some 79 women required more than 13 cycles to conceive. Eleven of these could not give the exact number of cycles but were quite sure that it took more than a year.
Of the 972 remaining midwives, 99% reported that they were quite or almost sure of the number of cycles they required to conceive, yielding a total of 3666 cycles after censoring at 13 cycles. The analysis was restricted to cycles during which the woman had been performing employed work more than half time (>20 h per week), and information on covariates was complete. Fecundability ratios and confidence intervals (CI) were calculated using the statistical package GLIM.
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To test the reliability of the questionnaire information on time to pregnancy 117 women with a planned pregnancy answered the same questions a second time about 10 months after the first occasion. There was a good agreement between the two answers, both regarding the number of menstrual cycles (intra-class correlation coefficient r, = 0.91, n = 117) and the number of months (r = 0.98, n = 115).
RESULTS
The average time to pregnancy was increased among women who were older, had their first pregnancy, had taken contraceptive pills before trying to become pregnant or had an earlier experience of failing to achieve a planned pregnancy for more than 1 year (Table 1) . Although most of the women worked as midwives in hospitals or in antenatal care outside hospitals when they tried to become pregnant, some worked as nurses or were studying. Older midwives were more likely to have worked daytime in antenatal care, where nitrous oxide is not in use. Midwives who chose to work only nights usually already had one or more children. Of women smoking >10 cigarettes per day, 20% were still not pregnant after 13 cycles compared to 8% among the non-smokers. Frequency of intercourse and consumption of alcohol, coffee, or tea were not clearly related to time to pregnancy in the crude data. The average frequency of intercourse reported was twice per week, and there were no noticeable differences between women with different work schedules. Women working full-time f>36 h/week) were less successful in becoming pregnant compared to those working part-time (21-35 h/week) ( Table 2 ). There was no difference in general between those who worked in delivery rooms and those who had other work (data not shown). In the crude data women with permanent nightwork seemed to be most fertile, while those with rotating shift-work required a longer time to become pregnant compared to women with regular day-time work. Midwives who reported that they assisted at >30 deliveries with nitrous oxide use per month had longer time to pregnancy than those reporting less or no nitrous oxide exposure. The cumulative conception rates for the occupational exposure categories are illustrated in Figures 1 and 2 . In all, 47% became pregnant in the first cycle in the day-time group compared to 49.0%, 36.1 %, and 31.9% in the permanent night, two-shift, and threeshift groups, respectively. The corresponding figures for nitrous oxide exposure were 42.8%, 37.3%, and 14.6% for those with 0, 1-30, and >30 nitrous oxide deliveries per month.
In a multivariate analysis, including all the nonoccupational variables, it was found that age, pregnancy order, and previous pill use or fertility problems were still significantly associated with fecundability (Table 3) . There was also a tendency for decreased fecundability with increasing tea consumption. Since previous fertility problems may have been related either to biological factors or some exogenous influences the same analysis was performed without this variable in the model. The result remained virtually the same, except that the fecundability ratio for smoking >10 (Table 4) . Excluding previous fertility problems from the model, or restricting the analysis to women without such experience did not change the estimates appreciably. The adjusted estimates for nitrous oxide exposure were similar when comparing midwives who reported that 1 Multivariate analysis of 2640 menstrual cycles. In the analysis of crude FR only the cycle order was added to the model, for adjusted FR all other variables were also included. b Discontinued oral contraceptive use in order to achieve pregnancy. c Previous experience of failing to achieve pregnancy after more than one year of unprotected intercourse.
scavenging equipment was used with those who reported no such use. Full-time work seemed to be independently associated with decreased fertility.
Adjustment changed the estimate for permanent night work in the direction towards the results for twoand three-shift midwives. This is illustrated in Figure 3 , where the adjusted cumulative conception rates for the four different work schedule groups are shown. The calculations were based on the assumption that the effect on fecundability was equal across all cycles (which may not necessarily be true, however). 
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14 FIGURE 3 Adjusted cumulative conception rales within 13 cycles of unprotected intercourse for each work schedule category (adjustment for age, pregnancy order, previous fertility problem, oral contraceptive use and tea consumption)
DISCUSSION This study showed that midwives who worked rotating shifts had reduced fertility compared to midwives who worked day-time. Permanent night work seemed also to increase time to pregnancy when the favourable selection of women in this group with regard to reproductive capacity was accounted for. Also, the small minority of midwives (4.2% of all with a planned pregnancy) who reported nitrous oxide exposure at >30 deliveries per month while trying to become pregnant were found to have reduced fertility. No such effect was seen among midwives with less (and more ordinary) nitrous oxide exposure. Since the study was confined to women who had achieved pregnancy, these results could underestimate the true effect if the exposures also increase the risk of sterility.
Midwives who reported that they had previously experienced a period of more than 1 year of failing to become pregnant had, as expected, low fecundability (fecundability ratio = 0.49, Table 3 ). They accounted for 12% of all women, and 23% of all cycles included in the analyses. These women were most common among those working day-time, i.e. more likely in antenatal care without nitrous oxide exposure. When we excluded this problem group (which may include women with exposure-related fertility problems) from the analysis the fecundability ratios remained virtually the same.
HOgberg et a/. 28 noted primary infertility (the woman had never been pregnant despite having tried for a period of 2 years) for 6.6% of 3216 women interviewed in a cross-sectional survey of Swedish women born 1936-1960. Primary infertility was found to be related to a higher level of education, an urban lifestyle and low age at first coitus. In our study, 3.9% of the responding midwives reported that they had tried to achieve pregnancy without success. There are several possible explanations for this rather low figure. One is that women who had never been pregnant may have been less inclined to participate in the study. This is probably true for those who never tried to achieve pregnancy, but less likely for midwives who were involuntarily childless, considering the information given concerning the aim of the study. We think a more possible explanation is that midwives are more successful in achieving a desired pregnancy due to their professional knowledge of biological functioning and about the medical help that is available for couples who fail to conceive.
Retrospective data on time to pregnancy obtained by questionnaire have shown acceptable validity. 29 We consider midwives to be an especially favourable study population in this respect. The same may not be true with regard to exposure data, however. Work schedule is probably a rather robust variable in the sense that it should be less vulnerable to selective recall compared to e.g. the number of nitrous oxide deliveries per month. Women with very long time to pregnancy may have been prone to overestimation of their exposure. When we excluded all those who took >13 cycles to conceive, the multivariate analysis still yielded a decreased point estimate for >30 nitrous oxide deliveries per month (fecundability ratio = 0.89).
If exposure status changed during the time period the woman (couple) tried to achieve pregnancy some cycles would have been misclassified as exposed or unexposed (postulating that the exposure of interest has an 'acute', temporary effect on fecundability). In the case of very long time to pregnancy this may be a problem. The career of a midwife in Sweden typically starts with shift work in delivery units with potential nitrous oxide exposure, and proceeds to day-time work in antenatal care or other day-time work without nitrous oxide exposure. This could imply that exposure misclassification may have biased the fecundability ratio estimates in the direction of lower than unity. We found an effect for shift work and a high number of nitrous oxide deliveries per month on fecundability even in the first cycle which could not be explained by such misclassification.
Weinberg et al. 30 has shown that a change in the prevalence of an exposure over time may create false associations in time-to-pregnancy analyses of the most recent pregnancy of the study subjects. If, for example, nitrous oxide use at deliveries became significantly less common during the late 1980s compared to the first half of the decade, midwives with a long time to pregnancy would have been more likely to report a large number of nitrous oxide deliveries than those with short time to pregnancy. We found no decreasing trend in the reported proportion of deliveries at which nitrous oxide was used when comparing the calendar years from 1980 to 1988 using data concerning all pregnancies of all the midwives in the study. Also the proportion that reported >30 nitrous oxide deliveries per month was fairly constant between 1984 and 1988.
This study was performed on an occupationally selected and socially homogeneous population. This would mitigate against uncontrolled confounding. Adjustment for several potentially important covariates had its greatest effect on the fecundability ratio estimates for permanent night work and three-shift working (Table 4) . Smoking >10 cigarettes per day was associated with reduced fertility in the crude data, but not after adjustment for the other cofactors in Table 3 . This was explained by the fact that heavy smokers were overrepresented among those who reported a previous experience of failing to become pregnant within 1 year.
They were also more likely to have been using contraceptive pills before trying to become pregnant.
Frequency of intercourse has been designated a potential confounder in studies of time to pregnancy. 24 We found no indication in this data set that reported frequency of intercourse acted as a confounder in the analyses of work schedule or nitrous oxide exposure. However, we cannot rule out the possibility that some women reported what they considered to be a normal frequency rather than the true figure. 31 Two early epidemiological studies related exposure to anaesthetic gases to decreased fertility. 32 - 33 Nitrous oxide was not separated from the other anaesthetic agents, however. Rowland el a/. 20 recently reported decreased fertility among dental assistants in California exposed to high levels of nitrous oxide. Their results showed that women who reported ^5 h of exposure to unscavenged nitrous oxide per week had reduced fertility (n = 19, fecundability ratio = 0.41; 95% CI : 0.23-0.74).
We asked Swedish hospitals for hygiene measurement protocols concerning nitrous oxide exposure in delivery rooms during the 1980s. Peak exposure levels frequently exceeded 500 ppm where special scavenging or forced ventilation was not used. Correct use of such equipment reduced exposure to levels well below 100 ppm, but many factors may hamper effective scavenging during a delivery. Eight-hour time-weighted average exposure is mostly very low for midwives due to the rather infrequent, and short (usually about 30 min and rarely more than 2 h for each delivery) use of nitrous oxide analgesia. More than 30 nitrous oxide deliveries per month may well correspond to >5 h of exposure per week, and in that sense our results seem to agree rather well with the findings of Rowland el a/. 20 A Danish population-based survey of lifestyle factors and prolonged time to pregnancy by Olsen showed no influence of (unspecified) shift work. 14 Florack el al. 16 assessed the influence of occupational physical activity on the menstrual cycle and fecundability among 260 non-medical female workers employed at 39 Dutch hospitals. They found that heavy work ('high fatigue score') was clearly associated with decreased fecundability only when performed during unfavourable working hours (before 8 a.m. or after 6 p.m.). Work as a midwife in a delivery ward can be physically, as well as mentally demanding. Thirty-nine per cent among the nitrous-oxide-exposed midwives reported that they experienced stress almost daily at work, compared to 27% among the unexposed. There was no difference in this respect between the highly exposed group (>30 nitrous oxide deliveries per week) and the other exposed women, however. Also, midwives in the former group did not report a shortage of personnel in the delivery ward more often than the unexposed (12% and 11%, respectively). Thus we found no indication that mental stress, at least in the quantitative sense, could explain our findings.
The mechanisms by which shift work could affect fertility are not clear. Hormonal disturbances, either as a direct effect on circadian rhythms, or indirect from psycho-social stress and sleep deprivation, are most often mentioned. 34 Nitrous oxide may also have hormonal effects, which might disrupt ovulation. 35 Depressed methionine synthase activity is another effect of possible interest. 3637 We think that the results from this and some other epidemiological studies point to the possibility that shift work, especially in combination with physical and mental strain, may have a negative effect on fertility. The same conclusion can be made with regard to frequent, high exposure to nitrous oxide, even though studies which include measurements of actual exposure levels are warranted. Effective scavenging is recommended when nitrous oxide is used as an analgesic during delivery.
